Objective: To evaluate the peak inspiratory pressure, tidal volume and respiratory rate achieved during manual ventilation of premature lambs, using a self-inflating bag.
Introduction
Around 10 million newborn infants require some type of resuscitation every year globally and more than a million die from perinatal asphyxia complications. 1 Selfinflating bags are the devices most commonly employed for manual mechanical ventilation, being recommended on the neonatal resuscitation course run by the Brazilian Society of Pediatrics. 2 Research has demonstrated that using bags can result in variations in tidal volume (Vt) and peak inspiratory pressure (PIP) during each inflation of the lungs. 3 Mondolfi et al. 4 observed large variations in Vt, PIP and minute volume obtained by health professionals on a pediatric resuscitation dummy. Baskett et al. 5 measured the Vt considered adequate during resuscitation, based on thoracic expansion, and observed that it varied. Björklund et al. 6 demonstrated that six large-volume breaths at the start of ventilation of premature lambs reduced the response to surfactant given during the immediate neonatal period. Ingimarsson et al. 7 demonstrated that when premature lambs were subjected to five pulmonary inflations at a Vt of 20 mL/kg before receiving exogenous surfactant, this affected the intrapulmonary distribution of the surfactant, resulting in very uneven deposition, with almost all of the medication distributed to the dependent areas of the lungs. Wada et al. 8 observed that the application of large Vt to the lungs of premature lambs, soon after birth, can cause lung injuries and compromise response to exogenous surfactant.
The objective of this study is to evaluate the performance of physicians carrying out manual mechanical ventilation on premature lambs, using a self-inflating bag, through studying the PIP, Vt and respiratory rate (RR) they produced.
Materials and methods
This was a descriptive, experimental study, carried out at the Universitys Respiratory Physiology Laboratory.
Five premature lambs, of both sexes, carried by healthy ewes, were included on the study. Any major malformations observed in any of the animals at any phase of the study resulted in its exclusion.
Ten neonatologists were chosen from a list of 35, considered experienced professionals because they work at public and/or private neonatal intensive care units The ewes and lambs were dealt with as described by Wada et al. 8 Summing up, at 132 (±1) days gestational age (full term is 150 days) each pregnant ewe was preanesthetized with 1 g of intramuscular ketamine, and given an epidural anesthetic with 10 mL of lidocaine at 2% and bupivacaine at 0.5% in a proportion of 1:1 (volume to volume). Each ewe was intubated using an endotracheal tube (EDT) in order to improve control over ventilation.
The lamb was removed by caesarian, weighed and put under a radiant heat source (BA Matrix SC, Olidef CZ, Ribeirão Preto, SP, Brazil). The lamb was then dried and direct laryngoscopy was performed; the trachea was suctioned to remove excess alveolar liquid, then an EDT was inserted (number 4.0 or 4.5, depending on which was more appropriate for each lamb), and ventilation begun.
The EDT cuff was inflated in order to eliminate air leaks via the outer wall. Ketamine (10 mg/kg) and acepromazine (0.1 mg/kg) were given intramuscularly in order to allow total control over ventilation.
Each recently-delivered animal was catheterized via both the umbilical artery and the umbilical vein, with the tips of the catheters positioned within the inferior vena cava and thoracic aorta, respectively. These deep accesses allowed 5% glucose to be infused at a rate equivalent to 100 mL/kg/day, saline to be infused when necessary to correct arterial hypotension and for gasometry (arterial) to be performed and systolic and diastolic arterial pressure, in addition to central venous pressure, to be controlled. The physicians were instructed to ventilate according to the criteria they habitually use to optimize the process, including general clinical observation and observation of thoracic expansion. They were blind to all information relating to the mechanical and gaseous exchange parameters being studied. Even with the bags pressure-release valve stopped, in 49% of cases the physicians were unable to avoid passing the maximum pressure limit recommended by ILCOR, 9 and 70% ventilated more than six times with pressure hypoxemia. 9 Published data [6] [7] [8] indicate that there is a limit, possibly a very fine one, at which adequacy is defined, since this must be very exact so as to avoid passing the exact point at which the lungs are able to act as media for gaseous exchange, without compromising their function in the near future. The aim is to achieve permanently adequate gaseous exchange. The application of elevated pressures over prolonged periods has been suggested 18 as a guarantee that increased residual functional capacity is acquired rapidly, improving oxygenation, being rapidly incorporated into clinical practice as the ideal. Nowadays, this practice is no longer universally recommended, 9 and research by Björklund et al., 6 Ingimarsson et al. 7 and Wada et al. 8 warns of the dangers.
The literature demonstrates concern with the fact that bronchopulmonary dysplasia could be a disease that has its origin in the delivery room, caused by extremely aggressive ventilation, causing hypocapnia and volutrauma. 1, 19, 20 The physicians performed best at maintaining RR, The results of this study indicate that physicians, even experienced and well-trained ones, are not necessarily capable of successfully ventilating premature lambs employing a self-inflating bag in accordance with internationally established standards. There was great variation in PIP and Vt/kg, both of which were often elevated and which reached levels that habitually cause biotrauma. In the majority of cases, the RR achieved was adequate.
